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Description 

This invention relates to a m thod of preparing a 
light-polariz r she t More particularly, it r lates to a 
simple and effective method of preparing a light- 5 
polarizer sheet which exhibits desirable light- 
polarizing properties and good mechanical strength. 

The production of linear light polarizers has been 
well described in the art Linear light polarizers, in 
general, owe their properties of selectively passing 10 
radiation vibrating along a given electromagnetic ra- 
diation vector (and absorbing electromagnetic radia- 
tion vibrating along a second given electromagnetic 
radiation vector) to the anisotropic character of the 
transmitting medium. Dichroic polarizers are linear 15 
polarizers of the absorptive variety and owe their 
light-polarizing capabilities to the vectorial anisotropy 
of their absorption of incident lightwaves. Light enter- 
ing a dichroic medium encounters two different ab- 
sorption coefficients - one low and one high. The 20 
emerging light vibrates predominantly in the direction 
of low absorption. 

The most widely used type of synthetic polarizer 
(and a type of polarizer to which the present invention 
is directed) is the polyvinyl alcohol- iodine complex po- 25 
larizer. It consists of linear polyiodide contained within 
a polyvinyl alcohol matrix. By orienting the polyvinyl 
alcohol matrix unidirectionally, the transition mo- 
ments of the absorbers are also so oriented and the 
material becomes visibly dichroic. The manufacture 30 
of iodine-stained dichroic light- polarizing elements 
has been described in numerous patents, including 
U.S. -A- 2,237,567 (issued April 8, 1941 to E.H. 
Land). Various improvements in methods for the pro- 
duction of light polarizers and in the light-polarizing 35 
properties thereof have also been described, for ex- 
ample, in U.S. -A- 2,375,963 (issued May 15, 1945 to 
Alexander Thomas) ; in U.S. Reissue Patent 23,297 
(reissued Nov. 28, 1950 to M. Hyman, Jr., et al.); and 
in U.S. -A- 4,166,871 (issued Sept. 4, 1979 to N.W. 40 
Schuler). 

In the production of polarizers of the aforemen- 
tioned type, it is common to first cast a sheet or film 
of polyvinyl alcohol (PVA) from an aqueous solution 
of the material and to heat the dried cast sheet to a 45 
temperature at which it can be extended by uniaxial 
stretching, to so orient the PVA as to permit orienta- 
tion of the light-absorbing species to be subsequently 
incorporated therein. Typically, the PVA sheet will be 
uniaxially stretched to between 3.5 and 4 times its so 
length. Inasmuch as the oriented (stretched) sheet 
assumes a somewhat fibrous nature and a diminish- 
ed tensile strength in th direction transverse to the 
direction of stretch, it is common to bond th stretch- 

d PVA sh t to a she of supporting material. The 55 
supporting sheet is gen rally a transparent sheet of 
suitable isotropic material which provides dim nsion- 
al stability for the PVA sh et and which serves as a 



cov r or protective elem nt for th completed polar- 
iz r.C llulosicmat rials such as cell ulos acetate bu- 
tyrate, cellulose acetate and cellulos triacetate are 
suitable for thes purposes. The supported sh et of 
oriented PVA can then be stained with iodine solution 
or otherwise rendered visibly dichroic by the use of 
methods known in the art. 

The use of a support material for the oriented 
(stretched) PVAsheet material necessitates that each 
of the PVA and support sheets be first separately 
manufactured and that the resulting sheet elements 
be bonded or laminated in a separate laminating op- 
eration, using a suitable adhesive bonding material. It 
has been disclosed in U.S. -A- 4,659,523 (issued April 
21 , 1 987 to J.H. Rogers, et al.) that an iodine stainable 
polyester polarizer film can be provided by a process 
involving the uniaxial stretching of a melted and ex- 
truded polyester web carrying an anchor coating and 
a coating of PVA coated from a dispersed aqueous 
composition of PVA. Such a process obviates the sep- 
arate production of a sheet of PVA which would then 
need to be laminated to the support sheet material. 

A light polarizer prepared by a method which in- 
volves the application of a stainable coating of PVA 
(from an aqueous solution of PVA) onto a support 
sheet prior to simultaneous uniaxial orientation 
(stretching) of the PVA and support sheet, has been 
found to produce a light polarizer which is character- 
ized by poor physical properties. While such a polar- 
izer exhibits satisfactory optical (light-polarizing) 
properties; the plastic light polarizer is readily frac- 
tured upon attempts to bend, fold or crease the po- 
larizer material. Fracturing is observed along the di- 
rection of stretching, effectively negating the use of 
the polarizer where rough handling or product abuse 
is likely to be encountered. FR-A-2 273 642 discloses 
a method for producing a stainable sheet article which 
is suitable to the production of a film having antistatic 
properties but which would not be suited to the pro- 
duction of a light-polarizer. Several ways are dis- 
closed in which a layer containing a a calcium chloride 
antistatic compound can be embodied into a biaxially 
oriented film, including applying the antistatic compo- 
sition after the film is drawn in in one direction but be- 
fore drawing in the second direction. It is also stated 
that the antistatic caoting composition can be applied 
to the film after the drawing is finished. This will pro- 
vide an antistatic layer which is unoriented. 

SUMMARY OF THE INVENTION 

It has been found that an optically efficient light 
polarizer sheet xhibiting d sirabl physical charac- 
teristics, particularly resistance to bending-induced 
cracking and fracture, can be obtained by a simple 
andconv ni ntm thod.Moreov r, the advantages of 
m chanical strength and good light-polarizing prop- 
erties are obtained by a manufacturing method which 
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is not depend nt upon the pre-manufacture of a cast 
or oth rwise formed sheet or film of polyvinyl alcohol 
(PVA). According to the present invention, there is 
provided a method of preparing a light polarizer sheet, 
them thod comprising th steps of: 5 
providing a support sheet of amorphous polymeric 
material; uniaxially stretching the amorphous poly- 
meric support sheet in a first direction and at a tem- 
perature at or above the glass transition temperature 
of the polymeric support sheet material to partially ori- 10 
ent the molecules of the polymeric support sheet ma- 
terial along said first direction; applying a coating of 
an aqueous polyvinyl alcohol-containing composition 
to the surface fo the uniaxially stretched polymeric 
support sheet; stretching the polyvinyl alcohol-coated 1 5 
uniaxially stretched polymeric support sheet at a tem- 
perature at or above the glass transition temperature 
of the polymeric support sheet material and in a sec- 
ond direction of stretch; said second direction of 
stretch being at an angle within about ± 60 degrees 20 
from a normal to said first direction of stretch; the 
amount of stretch along said first direction being suf- 
ficient to impart to the polymeric support sheet resis- 
tance to stress- induced fracture along said first direc- 
tion, and the amount of stretch along said second di- 25 
rection being sufficient to simultaneously orient the 
molecules of said polyvinyl alcohol layer to thereby 
adapt the layer so that it can be modified in such a 
way that visible dichroism is obtained therein, and to 
impart to the support layer resistance to stress- 30 
induced fracture along said second direction; modify- 
ing the polyvinyl alcohol layer in such a way that visi- 
ble dichroism is obtained therein to provide said light 
polarizer. 

Preferred embodiments of the method according 35 
to the present invention are recited in the dependant 
claims. 

The light polarizer sheet obtained by the method 
according to the present invention, by resort to known 
methods for the incorporation of visible dichroism into 40 
an oriented polyvinyl alcohol layer, can be readily 
manufactured into an efficient light polarizer having 
good physical properties. 

For a fuller understanding of the nature and ob- 
jects of the present invention, reference should be 45 
had to the following detailed description taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

FIG. 1 is a diagrammatic representation of the re- 
lationship between first and second directions of 
stretch employed according to the process of the In- 
v ntion. 

FIGS. 2a, 2b and 2c are diagrammatic represen- 55 
tations of r lationships betwe n first and s cond 
stretch directions, as shown in connecti n with 5 g- 
ments of endless web mat rial for thre particular env 
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bodim nts of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

As m ntion d pr viously, the pres nt inv ntion 
provides a light polarizer sheet which can be convert- 
ed to a light polarizer having beneficial light-polarizing 
and physical characteristics and without need for the 
pre-casting and lamination of a film of polyvinyl alco- 
hol to the polarizer support material. This is accom- 
plished by employing a combination of particular 
steps according to certain predetermined relation- 
ships, all of which is defined in greater detail herein- 
after. 

An essential aspect of the present invention in- 
volves the employment, as a support for the light po- 
larizer of the invention, of a sheet of amorphous poly- 
meric material. As used herein, an amorphous poly- 
meric material refers to a polymeric material that is 
substantially amorphous, i.e., a polymeric material 
which is substantially non-crystalline in form. Such 
materials are known in the art and are available as 
materials of commerce. It will be appreciated that the 
use of a sheet of amorphous polymeric material al- 
lows for conversion of the sheet material into a crys- 
talline form according to the particular and predeter- 
mined requirements of the light polarizer to be fabri- 
cated therefrom. 

In general, the amorphous polymeric sheet mate- 
rial will be a flexible and transparent polymeric mate- 
rial obtained by known methodology from a bulk plas- 
tic material. The bulk plastic material, typically of a 
thermoplastic nature, is melted and extruded or 
otherwise shaped into the form of a flexible sheet ma- 
terial. This can be accomplished, for example, by ex- 
truding a molten thermoplastic material onto a chilled 
roll and allowing the resulting film to cool to a cast 
polymeric sheet material of amorphous character. 
The production of amorphous polymeric sheet mate- 
rial is known and constitutes no part of the present in- 
vention, such materials being commercially available. 
Good results can be obtained, for example, using a 
polymeric sheet of polyester, such as an amorphous 
sheet of polyethylene terephthalate. Other materials 
can, however, be employed. 

The method of the present invention involves the 
uniaxial stretching of the amorphous support sheet 
material in a first direction, followed by the coating of 
the support sheet with a polyvinyl alcohol-containing 
coating composition and the stretching of the thus- 
coated polyvinyl alcohol layer in a second direction. 
Inasmuch as the principal degree of stretch will be 
along the second direction, the method of the present 
inv ntion allows for consid rable latitud in th par- 
ticular natur of the amorph us polymeric support 
sheet materia!. Thus, th amorphous she t material 
canb form d from thermoplastic bulk materials such 
as the polystyrenes, polycarbonates, polyacrylic ma- 
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terials and amorphous polyamides which can b fab- 
ricated into substantially amorphous sh et materials. 

Among pr ferred materials for use in the produc- 
tion of substantially amorphous polymeric she t ma- 
terials are the polyesters which can be readily trans- s 
formed into flexible, transparent and non-crystalline 
film materials. The polyesters typically are condensa- 
tion products of a dicarboxylic acid (or lower alkyl die- 
ster thereof) with a glycol. One or more dicarboxylic 
acids (or alky! esters), selected from among tereph- w 
thalic, isophthalic, 2,5-naphthalene dicarboxylic, se- 
bacic, azelaic, biphenic and like acids can be con- 
densed with one or more glycols such as ethylene gly- 
col, diethylene glycol, neopentyl glycol or the like. 
Suitable polyesters include homopolyesters and co- 15 
polyesters. Especially useful is a preferred polyester, 
polyethylene terephthalate, obtained in known man- 
ner by the condensation of terephthalic acid and ethy- 
lene glycol. Such polyesters can be fabricated by 
known methods into substantially amorphous sheet 20 
forms showing low crystal! inity and good transparen- 
cy and permit the production of light polarizers exhib- 
iting optical efficiency, good strength, durability and 
other beneficial physical and optical properties. 

The amorphous polymeric support sheet material 25 
can vary considerably in thickness. In general, the 
thickness of the starting amorphous sheet material 
will be dictated largely by the interded application of 
the light polarizer to be prepared therefrom. For ex- 
ample, amorphous sheet materials having a thick- 30 
ness in the range of from about 0.076 mm to about 
1 .78 mm can be employed in the practice of the inven- 
tion, although such materials of other thicknesses 
could also be used to suit particular requirements The 
sheet material is subjected to a uniaxial stretching op- 35 
eration along a first direction. This is accomplished by 
stretching the sheet material at a temperature which 
is at or above the glass transition temperature of the 
amorphous polymeric sheet material. The glass tran- 
sition temperature of the polymeric sheet material will 40 
vary with the particular chemical constitution of the 
sheet material, and will depend especially on the na- 
ture of the various monomeric compounds used in the 
production of the polymeric sheet material. It will be 
appreciated that the monomeric content of the poly- 45 
meric material constituting the support sheet material 
can be varied in predetermined manner to suit partic- 
ular requirements. In the case of sheet materials of 
the preferred polyethylene terephthalate type, the 
uniaxial stretching operation can be effected at a tern- 50 
perature in the range of from about 80°C to about 
125°C. 

The uniaxial stretching op ration can be ff cted 
by securing th amorphous sh et material in a 
stretching fram , vise or grip, according to known 55 
m thodology, and stretching the sh t mat rial (at a 
t mp rature at or above th glass transition temp r- 
ature of the mat rial) along a first dir ction. In gen r- 



al, it will be d sired to str tch th amorphous sh t 
material in an amount which serves to confer physical 
strength to th stretched material, and in particular, 
r sistanc to stress-indue d fractur , cracking or 
splitting along the stretch direction. Generally, the 
amorphous sheet material will be stretched to about 
1 75% to about 350% of its original dimension. Prefer- 
ably, the sheet will be stretched in the first direction 
to about 200% of its original dimension, i.e., to about 
two times its original dimension. While the stretching 
operation imparts crystallinity and strength to the 
amorphous sheet material, too great an amount of 
stretch adversely affects the formability of the plastic 
material. For example, the finished polarizer material 
may be desirably formed into a curved shape, as by 
heat forming a lens blank of polarizer material into a 
sunglass or other shape lens. Accordingly, the 
amount of stretch employed will be dictated in part by 
the particular properties desired in the polarizer ma- 
terial and to a degree predetermined to provide the 
properties required for a particular application. 

The uniaxiaily stretched plastic sheet material is 
allowed to cool to below the glass transition temper- 
ature while in a restrained condition. Typically, the 
stretched material will be cooled to conditions of am- 
bient temperature and humidity, preparatory to the 
application of a coating of polyvinyl alcohol-contain- 
ing composition. The cooling of the uniaxiaily stretch- 
ed sheet allows the molecules of the stretched sheet 
material to crystallize to a stable condition, where- 
upon, the sheet can be aftertreated. 

The stretched and cooled plastic sheet material 
is provided with a coated film of polyvinyl alcohol 
(PVA). As indicated previously, application of the PVA 
layer by a coating step (onto the support sheet mate- 
rial which forms a part of the finished polarizer mate- 
rial) obviates the need to separately form a discrete 
and self-supporting PVA sheet or film and to then 
laminate the PVA sheet to the plastic support sheet. 
The PVA coating operation can be effected by using 
an aqueous coating composition including PVA in a 
dispersed condition. Commercially available PVA ma- 
terials can be used for the preparation of a suitable 
coating composition which, in general, will be an aqu- 
eous composition including the PVA at a solids level 
of from about 5% to about 15%. Preferably, the solids 
level of PVA will be in the range of from about 8.5% 
to about 12.0%. 

As is known in the art, polyvinyl alcohol is pre- 
pared by the hydrolysis of polyvinyl acetate; and PVA 
materials may, thus, vary in degree of hydrolysis. In 
general, from about 98% to 100% of the acetate 
groups will be converted to hydroxyl groups and PVA 
mat rials of this typ ar generally useful in th proc- 
ess of the pres ntinv ntion. Pref rably, the degree of 
hydrolysis will b in the rang of from 98.5% to 
99.5%. Good results can b obtained using, for exam- 
ple, an aqu ous coating composition containing from 
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about 8.5% to 1 2.0% by weight of a 99% to 99.5% hy- 
drolyzed polyvinyl alcohol, commercially availabl as 
Shin Etsu® C-20, from Shin Etsu Ch mical Compa- 
ny, Limited. Oth r PVA materials can, h w ver, be 
used. 

The PVA coating composition can be applied to 
the uniaxialty stretched support sheet material by a 
variety of coating methods, including spraying, grav- 
ure coating, roll coating, squeegee application, slot 
coating, drawdown coating or the like. The coverage 
of PVA in the dried coating is not critical. In general, 
however, the PVA coating will be applied to a dry 
thickness of about 0.0064 to about 0.0762 mm, and 
preferably, to a thickness of from about 0.0127 to 
about 0.0387 mm. 

The PVA coating composition can indude various 
agents, if desired, to impart particular and predeter- 
mined properties to the PVA layer and to the light po- 
larizer prepared therefrom. Thus, UV stabilizers, 
cross-linking, plasticizing or other agents can be in- 
cluded to impart improved stability or modify physical 
properties as desired or as dictated by particular re- 
quirements. 

In most instances, it will be preferred to apply an 
adhesive or primer material to the support sheet prior 
to application of the PVA coating composition to the 
support sheet. This promotes a more secure bonding 
of the resulting PVA coated film to the support sheet 
and enhances stability of the finished polarizer by 
preventing delamination or like adhesion failures. 
Any of a variety of known adhesive materials can be 
used for this purpose, including polyurethane adhe- 
sives, nitrile rubber adheshves and like styrene-buta- 
diene copolymeric adhesives, polyesters and the like. 
Good results can be obtained using a preferred nitrile 
rubber adhesive. Suitable primer materials include 
polyvinyl idene chloride. Various copolyesters can, for 
example, be employed and examples of suitable ma- 
terials of this type are described in the aforemen- 
tioned U.S. -A- 4,659,523. 

The adhesive or primer material employed for se- 
curing the coated PVA layer to the support can be ap- 
plied before or after the uniaxial stretching operation 
previously described. Thus, if desired, an adhesive 
such as nitrile rubber can be applied (by any of a va- 
riety of known coating methods) to the support sheet 
which is then uniaxially stretched. The PVA coating 
composition can then be applied over the adhesive 
material. Best results are obtained, however, by ap- 
plying an adhesive or primer material to the sheet ma- 
terial after the uniaxial stretching operation. Applica- 
tion of the PVA coating composition to a support sheet 
which has been first stretched and then coated with 
an adhesiv r primer lay r provides improved adhe- 
sion and stability and constitutes a preferred prac- 
tice. 

The PVA-coat d sh t material is subj ct d to a 
stretching operation for the orientation of the PVAlay- 



er and adaptation of th layer to th incorporation of 
visible dichroism. The stretching operation, as previ- 
ously indicat d, is conducted in a second stretch di- 
rection in relation to th uniaxial stretching of th sup- 

5 port (in the first direction). The amount of stretch (in 
the second direction) is an amount sufficient to orient 
the PVAmolecules of the PVAIayerto a condition suit- 
ed to conversion to a light polarizer. This can be ac- 
complished by stretching the PVA-carrying sheet ma- 

10 terial about 2 to 6 times, i.e., to about 300% to 700% 
of its original dimension. Preferably, the material will 
be stretched 3 to 5 times, i.e., to about 400% to 600% 
of its original dimension, especially 4 times, i.e., to 
about 500% of its original dimension. Simultaneously 

15 with the stretching of the PVA layer, the support ma- 
terial carrying the layer is also stretched. The result 
of the PVA stretching (orientation) is to confer biaxial 
orientation and strength to the support material, pro- 
viding resistance to cracking, splitting and fracture 

20 along the second direction. The stretching operation 
is effected, as in the case of the first stretching, at a 
temperature at or above the glass transition temper- 
ature of the support material. Upon cooling, the 
stretched stainable sheet material can be rendered 

25 visibly dichroic by known methods described herein- 
after. 

The PVA-coated sheet material is stretched by an 
amount which is greater than the amount of the first 
stretch. In addition, the relative directions of stretch 

30 for the first and second stretching operations bear an 
important relation to one another. Referring to FIG. 1 , 
there is shown a schematic representation of various 
angles defined by first and second directions of 
stretch. In FIG. 1, the point of intersection of the va- 

35 rious lines is designated as X. The line shown as line 
AB represents arbitrarily the direction (first direction) 
of a uniaxial stretch applied to a plastic amorphous 
sheet material. Upon application of a coated layer of 
PVA, the resulting coated sheet material is stretched 

40 along a second direction, for example, along the di- 
rection represented by the line EF. It will be seen that 
the line EF (in relation to an imaginary line Nt£ rep- 
resenting a normal to the AB-line of the first stretch 
direction) defines an angle NXF of 45 degrees. This 

45 angle (a) can be arbitrarily considered an angle of 
+45° in relation to line NNT . If desired, the second di- 
rection of stretch can be effected along the direction 
of line U, in which case, angle NXI represents an an- 
gle of -45° in relation to line NNT . 

so The second stretch can be conducted at various 
angles with respect to the normal to the first direction 
of stretch. For example, and as also shown in FIG. 1, 
the direction of str tchofth second stretching op r- 
ation can be conducted al ng I in GH (forming an an- 

55 gle NXH of + 60° with respect to the normal, NN^) or 
along line MN (forming an angle NXM of - 60°). If de- 
sired, the second direction of stretch can be p r- 
formed along line CD (forming an angl NXD of + 10° 
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with resp ct to line NN') or along line KL (forming an 
angle NXK of - 10° with respect to the normal, NN') . 
In g neral, the sec nd direction of stretch will b at 
an angle within a range of from ± about 60 degrees 
with respect to the normal to the first direction of 5 
stretch, and preferably, within the range of about ±10 
degrees. Good results are obtained when the angle is 
zero degrees, i.e., when the directions of stretch are 
orthogonal to one another. 

As shown in FIG. 1, the angles formed by the in- 10 
tersection of the first and second lines of stretch di- 
rection and the line normal to the first direction can 
extend radially about point X throughout a range of 
360 degrees. In practice, it will be convenient to effect 
the first direction of stretch along a direction having 15 
a fixed relation to a particular dimension of the sub- 
strate material and to effect the second stretch within 
± 60 degrees of the normal to the first direction. Thus, 
there is shown in FIG. 2a, a segment of endless web 
material wherein the amorphous sheet material is uni- 20 
axially stretched in a first direction along line AB 
which is in a direction transverse (orthogonal) to the 
direction of extrusion (the extrusion direction being 
shown by the arrow in FIG. 2a). Upon application of 
the PVA coating, the coated web is stretched in a sec- 25 
ond direction along line NN 1 which is in the longitudi- 
nal or extrusion direction. The angle between the sec- 
ond stretch direction and the normal to the first direc- 
tion is zero. 

In FIG. 2b, is shown another preferred relation- 30 
ship of stretch directions. As shown, the first direction 
of stretch is again transverse (orthogonal) to the ex- 
trusion (longitudinal) direction. The second stretch di- 
rection, along line EF, is at an angle, a, of +45 de- 
grees with respect to the normal, line NN'. In FIG. 2c, 35 
the first stretch is effected along line AB, while the 
second direction of stretch (along line U) is at an an- 
gle of -45 degrees with respect to the normal to the 
first direction. It will be appreciated that the choice of 
the second stretch direction as plus 45 or minus 45 40 
degrees will depend upon the particular application of 
the light polarizer to be prepared. For example, a su- 
perposed pair of polarizer elements embodying the 
angular relationships shown in FIG. 2b, placed with 
the respective PVA light-polarizing layers in face-to- 45 
face relation and the supports outermost, provides 
light extinction. This is also the case with a pair of po- 
larizer elements having the relationships shown in 
FIG. 2c. A polarizing element as shown in FIG. 2b in 
superposed relation to a polarizer as shown in FIG. 2c so 
(with respective supports outermost) provides for 
maximum light transmission. 

Whil the embodiments illustrated in FIGS. 2a 
through 2c show the stretching of an amorphous 
she t material along a first direction AB (in a cross- 55 
web ori ntation) it may be d sirabl from the stand- 
point of equipment requirements for cross-w b 
str tching to conduct the first stretching operation at 
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an angle, for xample,of45° from the extrusion dir c- 
tion. Upon application of th PVA-coated layer, a sec- 
nd stretch can th n b accomplished, for xampl , 
along th xtrusion (longitudinal) direction. This can 
be accomplished by a modification of stretching di- 
rections shown in FIG. 2b, using a first stretch along 
line EF and the second stretch along line NN\ Such 
a method overcomes difficulties associated with 
cross-web stretching while providing a strong and 
non-brittle stainable sheet material. 

Other combinations of stretch direction can be 
used with good results. For example, referring to FIG. 
2b, a first stretching operation can be performed 
along the line NN' . Upon application of a coating of 
PVA, the sheet can then be stretched along line EF 
(the angle FXB being an angle of -45° with respect to 
the normal, AB, to the first direction. Similarly, refer- 
ring to FIG. 2c, the first stretch can be performed 
along line NN' ; and upon application of a PVA coating, 
the sheet can be stretched along the line IJ (the angle 
BXJ being an angle of +45° with respect to the normal, 
AB , to the first direction. 

A particularly preferred manner of practicing the 
present invention involves stretching the amorphous 
support material in first and second directions which 
are approximately orthogonal (i.e., at right angles) to 
one another. This can be accomplished by stretching 
in the second direction at an angle of within ± about 
1 0 degrees from the normal to the first direction, and 
preferably at an angle of zero degrees. By effecting 
the two stretching operations along orthogonal direc- 
tions, or within about ten degrees of orthogonality, 
there is provided considerable latitude and versatility 
in application of the polarizer prepared from the 
stretched sheet material. For example, a single 
stretch of a preferred polyethylene terephthalate ma- 
terial one time in a first direction and (after coating 
with PVA) four times in a second direction orthogonal 
to the first direction (or within about ten degrees of or- 
thogonality), produces a stainable material which can 
be converted to a light polarizer useful in a given ap- 
plication without regard to the direction from which 
the polarizer is viewed. The polarizer, thus, functions 
virtually identically whether viewed from the PVA side 
or from the support side. Substantial departure from 
a condition of orthogonality, while producing a useful 
polarizer, introduces a degree of biaxial orientation in 
the support material that causes the optical proper- 
ties of the resulting polarizer to vary as a function of 
the direction of viewing, thus, requiring that consider- 
ation be given to viewing orientation as required in 
any particular application. From the standpoint of ver- 
satility of the light polariz r, it will, thus, be pr ferred 
to stretch along mutually orthogonal directions. 

The PVA-coated sheet material, after str tching 
in th s cond dir ction, is allow d to cool, while in a 
r strain d condition, to b low the glass transition 
t mp rature of the support sheet material. Usually 
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the sheet is allowed to cool t ambi nt condltl ns of 
room temp ratur and humidity. There is provided an 
oriented stainable PVA material carried on a durabl 
support. As us d herein, "stainable" refers to th char- 
acter of the PVA-coated layer of being capable of con- 5 
version to a visibly dichroic material by resort to any 
of a number of known methods for preparing light- 
polarizing materials. 

The stainable and oriented PVA-carrying sheet 
materia] can be stained according to known methods 10 
using a dichroic substance such as a dichroic dye or 
other dichroic stain. An example of a highly suitable 
dichroic-substance is a dichroic stain comprising io- 
dine and an iodide salt such as potassium iodide. A 
web of stainable sheet material can be passed is 
through a tank containing the iodine/iodide staining 
composition to effect staining of the oriented PVA lay- 
er and to provide a visibly dichroic sheet material. Pre- 
ferably, the polarizing material will be borated for im- 
proved stability using an aqueous Donating bath con- 20 
taining boric acid and borax as is known and descri- 
bed in the aforenoted U.S. Reissue Patent 23,297 (re- 
issued Nov. 28, 1950 to M. Hyman, Jr., et al.). 

If desired the stainable sheet material can be ren- 
dered dichroic by conversion of the polyvinyl alcohol 25 
molecules to polyvinyiene light- polarizing species. 
This can be accomplished using hydrochloric acid va- 
por processing in known manner and as described in 
U.S. -A- 2,445,555 (issued July 20, 1948 to FJ. 
Binda). Preferably, such polarizing material will also 30 
be borated for improved stability. 

The stainable sheet material can be rendered di- 
chroic by resort to materials and methods other than 
those described in connection with iodine stained and 
polyvinyiene polarizers. Other dichroic materials can 35 
be employed, particularly the dichroic dyes and other 
stains disclosed in U.S. -A- 2,237,567 (issued April 8, 
1941 to E.H. Land) and in U.S. -A- 2,328,21 9 (issued 
August 31, 1943 to E.H. Land). 

It will be understood that the amorphous polyest- 40 
er material utilized for the production of a light polar- 
izer of the present invention becomes biaxially orient- 
ed as a consequence of the combined effects of a first 
uniaxial stretch before application of the PVA coated 
layer and the subsequent and second stretching op- 45 
eration used to orient the PVA layer. The relative de- 
grees of stretch employed in the first and second 
stretching operations can, however, be controlled to 
provide a polarizer material which has good resis- 
tance to cracking while not being strengthened by so 
biaxial stretching to the point of substantial loss of 
heat formability. Thus, a first stretch of one time the 
original dimension, using a poly thy! n terephtha- 
lat , and a second orthogonal stretch (after PVA ap- 
plication) of four times the original dimension conve- 55 
niently provides a light polariz r material that can b 
heat shaped at t m perat ures below 1 00°C for produc- 
tion of curved lens elements suited for sunglass ap- 



plications. 

Th following Examples ar illustrative of the 
present inv ntion. it will b understood, however, that 
such Examples are not int ndedtob limitativ of the 
present invention. 

EXAMPLE 1 

This Example illustrates the production of a stain- 
able, oriented PVA-carrying sheet material and the 
production of a light polarizer therefrom, using an io- 
dine/iodide staining method. 

An elongated sheet of amorphous polyethylene 
terephthalate (of a thickness of 1 .27 mm) was coated 
with a layer of nitrite rubber adhesive (an acryloni- 
trile/butadiene copolymer, available as Bostik S-188- 
515 Breon® Rubber from Bostik Division of Emhart 
Corporation, Middleton, Massachusetts) to a thick- 
ness of approximately 0.0064 mm to 0.0254 mm. The 
adhesive coating was dried in a low air-velocity oven, 
for two to three minutes to 74°C. The resulting sheet 
material was then stretched in a linear or cross-web 
direction one time its original dimension, in a high air- 
velocity oven at 120°C and the stretched sheet was 
allowed to cool to ambient room conditions while still 
in a restrained condition. The stretched sheet was 
then coated with a layer (to about 0.0254 to 0.0381 
mm dry thickness) of an aqueous composition con- 
taining ten percent by weight of polyvinyl alcohol 
(Shin Etsu C-20® polyvinyl alcohol, Shin-Etsu Chem- 
ical Co., Ltd.) and approximately 0.75% hydrochloric 
acid. The coated PVA layer (over the nitrile rubber ad- 
hesive layer) was dried for approximately five minutes 
in a low air-velocity oven at 74°C. The resulting PVA- 
carrying sheet material was then stretched approxi- 
mately three times its length dimension (to 400% of 
its original length dimension) orthogonally to the first 
stretch direction, i.e., at an angle of zero degrees 
from a normal to the first stretch direction. The 
stretching operation was conducted at 120°C in a 
high air-velocity oven and the stretched sheet was al- 
lowed, while still restrained, to cool to ambient room 
conditions. The resulting biaxially stretched sheet 
material was imbibed for about fifteen seconds in an 
aqueous staining bath heated to 35°C and containing 
6.0% by weight potassium iodide and 0.9% iodine. 
The stained sheet material was water rinsed and then 
imbibed in an aqueous bath, heated to about 74°C, 
containing about 9.0% boric acid and 0.1 % potassium 
iodide. Excess borating bath material was water 
washed from the sheet material and the resulting film 
was dried at 74°C. The resulting material was a visibly 
dichroic light polariz r. Lens blanks cut from th she t 
material were valuated by bending along ach 
stretch direction. No splitting, cracking or fracturing 
was observed along eith r stretched direction. 
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COMPARATIVE EXAMPLE 1 

For purposes fc mparison with the sh et mate- 
rial pr pared in the manner d scribed in Exampl 1, 
an amorphous sheet material (as described in Exam- 5 
pie 1) was treated in the same manner as described 
in Example 1, except that, the step of cross-web 
stretching was omitted. That is, the PVA-coated layer, 
adhesively bonded to the amorphous sheet material, 
was stretched only once, along its length, by three 10 
times its length dimension (to 400% of its original 
length). Light polarizer sheet material and lens blanks 
therefrom fractured along the stretched direction 
when bent (folded) along the stretched direction. 

15 

EXAMPLE 2 

This Example illustrates the production of a stain- 
able, oriented PVA-containing sheet material and the 
production of a light polarizer therefrom, using a hy- 20 
drochloric acid dehydration process for production 
polyvinyiene light-polarizing species. 

An elongated sheet of amorphous polyethylene 
terephthalate (of a thickness of 1 .27 mm) was coated 
with a layer of nrtrile rubber adhesive (acryloni- 25 
trile/butadiene copolymer, Dostik S-188-515 Breon® 
Rubber) to a thickness of about 0.0064 to 0.0254 mm. 
The adhesive coating was dried in a low air-velocity 
oven, for two to three minutes to 74°C. The resulting 
sheet material was then stretched in a f inear or cross- 30 
web direction one time its original dimension, at a rate 
of 38.1 mm/sec, in a high air-velocity oven at 120°C 
and the stretched sheet was allowed to cool to ambi- 
ent room conditions while still in a restrained condi- 
tion. The stretched sheet was then coated with a layer 35 
(to about 0.0254 to 0.0381 mm dry thickness) of an 
aqueous composition containing ten percent by 
weight of polyvinyl alcohol (Shin Etsu C-20® polyvinyl 
alcohol, Shin-Etsu Chemical Co., Ltd.) and approxi- 
mately ten percent hydrochloric acid. The coated PVA 40 
layer (over the nrtrile rubber adhesive layer) was 
dried for approximately five minutes in a low air-veloc- 
ity oven at 74°C. The resulting PVA-carrying sheet 
material was then stretched approximately three 
times its length dimension (to 400% of its original 45 
length dimension) orthogonally to at first direction of 
stretch, i.e., at an angle of zero degrees from a normal 
to the first stretch direction and at a rate of 38.1 
mm/sec. The stretching operation was conducted at 
120°C in a high air-velocity oven and the stretched so 
sheet was allowed, while still restrained, to cool to 
ambient room conditions. The resulting biaxially 
stretched she t material was then imbib d for about 
45 s conds in an aqueous solution, h at d to 74°C 
and containing 3.0% by weight borax, and 9.0% boric 55 
acid. Excess borating bath material was wat r wash- 
d from the sh et material and the r suiting film was 
dried at 74°C. The resulting mat rial was a visibly di- 



chroic light polariz r. Lens blanks cut from the sh t 
mat rial were valuat d by bending along each 
stretch dir ction. No splitting, cracking or fracturing 
was observed along ither stretch d dir ction. 

COMPARATIVE EXAMPLE 2 

For purposes of comparison with the sheet mate- 
rial prepared in the manner described in Example 2, 
an amorphous sheet material (as described in Exam- 
ple 2) was treated in the same manner as described 
in Example 2, except that, the step of cross-web 
stretching was omitted. That is, the PVA-coated layer, 
adhesively bonded to the amorphous sheet material, 
was stretched only once, along its length, by three 
times its length dimension (to 400% of its original 
length). Light polarizer sheet material and lens blanks 
prepared therefrom fractured along the stretched di- 
rection when bent (folded) along the stretched direc- 
tion. 

EXAMPLE 3 

A light polarizer was prepared in the manner de- 
scribed in EXAMPLE 1 , except that, the second direc- 
tion of stretching was performed at an angle of 45° to 
the normal to the first direction. The resulting light po- 
larizer exhibited good light-polarizing properties and 
resistance to splitting, cracking or fracturing when 
bent (folded) along either stretch direction. 

EXAMPLE 4 

A light polarizer was prepared in the manner de- 
scribed in EXAMPLE 2, except that, the second direc- 
tion of stretching was performed at an angle of 45° to 
the normal to the first direction. The resulting light po- 
larizer exhibited good light-polarizing properties and 
resistance to splitting, cracking or fracturing when 
bent (folded) along either stretch direction. 



Claims 

1 . A method of preparing a light polarizer sheet, the 
method comprising the steps of: 
providing a support sheet of amorphous polymer- 
ic material; uniaxially stretching the amorphous 
polymeric support sheet in a first direction and at 
a temperature at or above the glass transition 
temperature of the polymeric support sheet ma- 
terial to partially orient the molecules of the poly- 
meric support sh t mat rial along said first di- 
rection; applying a coating of an aqu ous polyvi- 
nyl alcohol-containing composition to the surface 
fo th uniaxially str tched polymeric support 
she t; stretching th polyvinyl alcohol-coated 
uniaxially stretched polymeric support sheet at a 
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t mp ratureat r above the glass transition tem- 
peratur of the polymeric support sh t material 
and in a second direction f stretch; said second 
direction of stretch being at an angle within ab ut 
± 60 degrees from a normaJ to said first direction 5 
of stretch; the amount of stretch along said first 
direction being sufficient to impart to the poly- 
meric support sheet resistance to stress-induced 
fracture along said first direction, and the amount 
of stretch along said second direction being suf- 10 
ficient to simultaneously orient the molecules of 
said polyvinyl alcohol layer to thereby adapt the 
layer so that it can be modified in such a way that 
visible dichroism is obtained therein, and to im- 
part to the support layer resistance to stress- 15 
induced fracture along said second direction; 
modifying the polyvinyl alcohol layer in such a 
way that visible dichroism is obtained therein to 
provide said light polarizer. 

20 

2. The method of Claim 1 wherein said amorphous 
polymeric support sheet is stretched along said 
first direction to about 175 % to about 350 % of 
its original dimension and wherein said polyvinyl 
alcohol-coated uniaxiaily stretched polymeric 25 
support sheet is stretched in said second direc- 
tion to about 300 % to about 700 %, preferably to 
about 400 to about 600 of its original dimension. 

3. The method of Claims 1 and 2, wherein said sec- 30 
ond direction of stretch is at an angle within about 

± 45 degrees, preferably within about ± 10 de- 
grees, in particular 0 degrees, with respect to a 
normal to said first direction. 

35 

4. The method of anyone of Claims 1 to 3, wherein 
said support sheet of amorphous polymeric ma- 
terial comprises a polyester such as polyethylene 
terephthalate and each of said first and second 
stretching steps is conducted at a temperature in 40 
the range of 80 °C to 125 °C. 

5. The method of anyone Claims 1 to 4, wherein the 
polyvinyl alcohol containing composition is ap- 
plied to said uniaxiaily stretched polymeric sup- 45 
port sheet to a dry thickness of from about 0.0064 

mm to about 0.0762 mm. 

6. The method of anyone of Claims 1 to 5, wherein 
after said step of uniaxiaily stretching the amor- 50 
phous polymeric support sheet, and before said 
step of applying said coating of polyvinyl alcohol, 

an adhesive or primer layer is applied to said 
polym ric support sheet. 

55 

7. Th method of Claim 1, wherein said modifica- 
tion of the polyvinyl alcohol lay r to obtain visibi 
dichroism is done by staining said lay r with an io- 



dine-containing staining composition. 

8. Th method of Claim 1, wherein said modifica- 
tion of the polyvinyl alcolhoi layer to obtain visible 
dichroism is don by the contact with hydrochloric 
acid vaporfor conversion of polyvinyl alcohol mol- 
ecules to polyvinlyene light-polarizing species. 



Patentanspruche 

1 . Verfahren zur Herstellung einer Lichtpolarisator- 
folie, welches folgende Stufen umfa&t: 
Bereitstellung einer Tragerfolie aus amorphem 
polymerem Material; monoaxiales Strecken der 
amorphen polymeren Tragerfolie in einer ersten 
Richtung und bei einer Tempertur bei Oder ober- 
halb der Glasubergangstemperatur des polyme- 
ren Tragerfolienmaterials, urn die Molekule des 
polymeren Tragerfolienmaterials teilweise entlang 
der ersten Richtung zu orientieren; Aufbringen ei- 
nes Oberzugs einer wafcrigen, polyvinylalkohol hal- 
tigen Masse auf die Oberflache der monoaxial ge- 
streckten polymeren Tragerfolie; Strecken der mit 
dem Polyvinylalkohol beschichteten, monoaxial ge- 
streckten Tragerfolie bei einer Temperatur bei Oder 
oberhalb der Glasubergangstemperatur des po- 
lymeren Tragerfolienmaterials und in einer zwei- 
ten Streckrichtung; wobei die zweite Streckrich- 
tung in einem Winkel inner halb etwa ± 60 ° zu ei- 
ner Normalen zu der ersten Streckrichtung liegt; 
wobei der Betrag der ersten Streckung entlang 
der ersten Richtung ausreichend ist, urn der po- 
lymeren Tragerfolie Widerstandsfahigkeit gegen- 
uber strefc-induziertem Bruch entlang der ersten 
Richtung zu verleihen und der Betrag der 
Streckung entlang der zweiten Richtung ausrei- 
chend ist, urn gleichzeitig die Molekule der Polyvi- 
nylalkohol-Schicht zu orientieren und die Schicht 
auf diese Weise so zu beeinf lussen, da& sie so mo 
dif iziert werden kann, da& in ihr sichtbarer Dichro- 
ismus erhalten wird, und urn der Tragerschicht Wi- 
derstandsfahigkeit gegenuber streR-induziertem 
Bruch entlang der zweiten Richtung zu verleihen; 
Modif izierung der Polyvinylalkohol-Schicht in ei- 
ner solchen Weise, da& in ihr sichtbarer Dichro- 
ismus erhalten wird, urn den Lichtpolarisator zu 
erzeugen. 

2, Verfahren nach Anspruch 1, worin die amorphe 
polymere Tragerfolie entlang der ersten Rich- 
tung auf etwa 175 % bis etwa 350 % ihrer ur- 
sprunglichen Abmessung gestreckt wird, und 
w rin die mit d m Polyvinylalkohol beschicht te, 
monoaxial gestr ckte polymere Trag rfolieind r 
zw it n Richtung auf twa 300% bis etwa 700%, 
vorzugsweis auf twa 400% bis twa 600% ih- 
rer ursprunglich n Abmessung gestreckt wird. 
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3. V rfahren nach Anspruch 1 und 2, worin die zwei- 
te Streckrichtung in inem Winkel innerhalb twa 
± 45 • v rzugsweis inn rhalb twa ± 10 °, ins- 
besond re 0 0 in B zug auf ine Normale zu der 
ersten Richtung liegt. 

4. Verfahren nach einem der Anspruche 1 bis 3, 
worin die Tragerfolie aus amorphem, polymerem 
Material einen Polyester, wie Polyethylen-Te- 
rephthalat, enthalt und die erste und die zwette 
Streckstufe jeweils bei einer Temperatur im Be- 
reich von 80 °C bis 125 °C durchgefuhrt werden. 

5. Verfahren nach einem der Anspruche 1 bis 4, 
worin die den Polyvinylalkohol enthaltende Mas- 
se auf die monoaxial gestreckte polymere Tra- 
gerfolie bis auf eine Trockendicke von etwa 
0,0064 mm bis etwa 0,0762 mm aufgebracht 
wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
worin nach derStufe der monoaxialen Streckung 
der amorphen polymeren Tragerfolie und vor der 
Stufe des Aufbringens des Oberzugs aus Polyvi- 
nylalkohol, eine Klebstoff- oder Grundierschicht 
auf die polymere Tragerfolie aufgebracht wird. 

7. Verfahren nach Anspruch 1, worin die Modifizie- 
rung der Polyvinylalkoholschicht zur Erzeugung 
des sichtbaren Dichroismus durch Anfarben der 
Schicht mit einem jodhaltigen Farbemittel durch- 
gefuhrt wird. 

8. Verfahren nach Anspruch 1, worin die Modifizie- 
rung der Polyvinylalkohol-Schicht zur Erzeugung 
des sichtbaren Dichroismus durch Kontakt mit 
Chlorwasserstoffsau re-Dam pf zur Umsetzung 
der Polyvinylalkohol-Molekule zu einer lichtpola- 
risierenden Polyvinylen-Molekulart durchgefuhrt 
wird. 
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vinyie) a la surface de la feuille d support 
en materiau polymere 6tir6e uniaxialement, 

- etirement de la f uili de support n mate- 
riau polymer etire uniaxialement, recou- 
verte de poly(alcool de vinyie), a une tem- 
perature superieure ou egale a la tempera- 
ture de transition vitreuse du materiau po- 
lymere de la feuille de support mais dans 
une deuxieme direction d'etirement, ladite 
deuxieme direction d'etirement etant a un 
angle inferieur ou egal a ± 60 degres par 
rapport a la normale de ladite premiere di- 
rection d'etirement, la quantite d'etirement 
selon ladite premiere direction etant suffi- 
sante pour conferer a la feuille de support 
en polymere une resistance a la rupture 
sous contrainte selon ladite premiere direc- 
tion, et la quantite d'etirement selon ladite 
deuxieme direction etant suffisante pour 
orientersimultanementles molecules de la- 
dite couche en poly(alcool de vinyie), af in 
d'adapter la couche de facon a pouvoir la 
modifier de maniere a y obtenir un dichroTs- 
me visible, et pour conferer a la couche de 
support une resistance a la rupture sous 
contrainte selon ladite premiere direction, 

- modification la couche de poly(alcool de vi- 
nyie) de facon a y obtenir un dichroTsme vi- 
sible pour donner un polariseur de lumiere. 



2. M6t node conforme a la revendication 1 , dans la- 
quelle ladite feuille de support polymere amorphe 
est etiree selon ladite premiere direction jusqu'a 
environ 175 % a environ 350 % de sa dimension 

35 originale et dans laquelle ladite feuille de support 
polymere couverte dudit poly(alcool de vinyie) et 
etiree uniaxialement, est etiree selon ladite se- 
conde direction jusqu'a environ 300 % a environ 
700 %, de preference jusqu'a environ 400 a en- 

40 viron 600 % de sa dimension originale. 



Revendications 

1. Methode de preparation d'une feuille polariseur 
de lumiere, comprenant les etapes suivantes : 

- mise a disposition d'une feuille de support 
en materiau polymere amorphe, 

- etirement uniaxial de la feuille de support 
polymere amorphe selon une premiere di- 
rection et a une temperature superieure ou 
egale a la temperature de transition vitreu- 
se du materiau polymere de la feuill de 
support af in d'orient r parti llement les mo- 
lecules du materiau polymere de la f uill 
d support selon lad it pr mi6r direction, 

- application d'un rev£tem nt d'une composi- 
tion aqueuse cont nant du poly(alcool d 



3. Methode conforme aux revendications 1 et 2, 
dans laquelle ladite seconde direction d'etire- 
ment est a un angle inferieur a environ ± 45 °, de 

45 preference inferieur a environ ± 1 0°, en particulier 

egal a 0°, par rapport a la normale de ladite pre- 
miere direction. 

4. Methode conforme a une quelconque des reven- 
50 dications 1 a 3, dans laquelle ladite feui lie de sup- 
port en materiau polymere amorphe comprend un 
polyester, tel que le polyethyieneterephtalate et 
dans laquelle chacune d s pr miere et deuxiem 
etapes d'etir m ntestr6alisee a une temperatu- 

55 r comprise dans I domain d 80°Ca125°C. 

5. Methode conform a un qu Iconqu des rev n- 
dications 1 a 4, dans laquelle la composition 
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cont nant le poly(alcool de vinyl ) est appliquee 
a la feuill de support polymere etiree uniaxials 
ment avec une epaisseur a i'etat sec d'environ 
0,0064 mm a environ 0,0762 mm. 

5 

6. Methods conforme a une quelconque des reven- 
dications 1 a 5, dans laquelle, apres ladite etape 
d'etirement uniaxial de la feuille de support poly- 
mere amorphe, et avant ladite etape duplication 
dudit rev§tement de poly(alcool de vinyle), une 10 
couche d'adhesif ou couche primaire est appli- 
quee sur ladite feuille de support polymere. 

7. Methode conforme a la revendication 1, dans la- 
quelle ladite modification de la couche de 15 
poly(alcool de vinyle) pour obtenir un dichrotsme 
visible est effect uee par coloration de ladite cou- 
che avec une composition colorante contenant 

de I'iode. 

20 

8. Methode conforme a la revendication 1, dans la- 
quelle ladite modification de la couche de 
poly(alcool de vinyle) pour obtenir un dichroisme 
visible consiste a I'exposer a des vapeurs d'acide 
chlorhydrique pour convertir les molecules de 25 
poly(alcool de vinyle) en une espece polyvinylene 
polarisant la lumiere. 
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